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Engineering With Honor 

From the very start, the unvarying principle of The Glenn L. Martin 
Company has been that its Airplanes should be 

"Built the Best of the Best” 

A factor of safety is maintained throughout, of seven times the ne- 
cessary strength. The superb twin motors represent the finest develop- 
ment of modem engineering. 

The records of flying and training show that from the time the Govern- 
ment bought its first airplane, until 1916, U. S. Army Officers spent 
more hours in the air in Martin Planes them in those of all other makes 
combined, without the record of a single fatality. 

Forward looking executives are invited to interest themselves in com- 
mercial dividends which can be earned by Martin Airplanes. 
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In the Liberty Motor 

A Government metallurgist writes that during the 
War he had occasion to become familiar with Type 
“LM” Molybdenum Steel, and that he “feels absolutely 
sure that this stock made the best Liberty Motor 
Crankshafts that were produced.” 

Some of the highest authorities among Alloy Steel 
Producers and Automotive Engineers have pronounced 
this steel the best ever commercially made. 

In the " Baby Tanks” 

The records at a large American plant show that 
in the production of the flanged and formed Renault 
“Baby” Tank parts, more than 99M out of every 
hundred pieces of Molybdenum Steel passed all stages, 
including ballistic tests. 

The nearest approach to this record with other 
alloy steels undergoing the same manufacturing and 
ballistic tests was 76 out of 100. 

In trucks, military tractors, gun shields and helmets. 
Molybdenum Steels demonstrated their value not 
only as measured by the physical and dynamic prop- 
erties of the finished product, but by the economy 
and regularity with which the finished products were 
manufactured. 

Our book, “Molybdenum Commercial Steels,” gives 
complete and authentic information on the subject. 

Copies may be obtained by addressing 


the task 


Climax Molybdenum Co., 
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T aking the Cream of a Great Business 


A NY number of business men can 
see an opportunity after the wise 
ones have made money at it. 

In a few more months the awakening 
will come — and then everybody will 
want to be an Aeromarine dealer. 

But right now is the time when sales 
are being made — when territory is be- 
ing tied up — when the cream of a great 
business is going to those men of vision 
who have realized that aviation is here 
— for good. 

Aeromarine travel is simply a matter 


of getting into a luxurious mahogany 
silver trimmed and leather padded 
cabin — in your street clothes — and 
going swiftly, steadily and surely to 
your destination, in one quarter the 
time of land travel and with none of 
its dust, dirt, and delay. 

No wonder the Aeromarine demon- 
stration is the one that sells the pros- 
pect every time. 

Write us today of dealer opportu- 
nities — before the cream of the business 
has been taken by the men of vision. 
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I N n recent copy of L’Aeronautiquf a French anthor ex- 
plains in a very logical fashion the manner in which 
internal combustion engines may be adapted for altitude 
flight. 

In the early stages of the war everything was done to im- 
prove the power of a motor by the increase of compression, 
by the increase of piston velocity and by the use of special 
materials to secure lightness. A motor was sought which 
should give greater power at the ground, thereby, giving 
greater speed and climb, but the general improvement in the 
motor did not necessarily mean that there would be a corres- 
ponding improvement at- altitude. On the contrary, there 
would still be the same proportionate loss at altitude. As the 
importance of altitude flight came more and more to the fore, 
means of improvement solely from an altitude point of view 
came under consideration. On this line of thought, com- 
pression at the ground was increased beyond the point of 
safety, were the motor to be used at its full possible power at 
the ground. A dangerously compressed motor at ground level 
would at altitude be a perfectly practical mechanism. At the 
same time, attempts were made to lighten the motor beyond 
the point which would be justified by the very high compres- 
sion on the hypothesis that the motor would be only used at 
its full power at altitude and would therefore not meet the 
great stresses which the high ground compression involves. 

These methods of slight variation in design proved only 
moderately satisfactory. The idea of the turbo-compressor 
was attacked simultaneously in different quarters. It may be 
said that the turbo-compressor has successfully passed the 
experimental stage, but the difficulties in its installation and 

It is far from being in production and it is yet doubtful 
liow soon it will bo a commercial possibility. 

A number of writers, besides M. Villey, hove suggested 
other methods. One of these is to vary the compression by 
a suitable lengthening and shortening of the connecting rod. 
Another method is to increase the cylinder volume in flight. 
These methods offer thermo-dynamic possibilities. The mech- 
anical difficulties arc large but are not such as to be beyond 
solution. It would seem that this line of attack would offer 
certain possibilities to engine designers. 


Ground Speed Indicators 

Though many efforts have been made in developing - a 
ground speed indicator, they have so far proven fruitless. 
Some of the experiments have been on the lines of ground 
sighting instruments, necessitating a complicated system of 
surveying from the air. In other cases, attempts have been 
made to integrate accelerations by a system of complicated 
mechanism. While much ingenuity has been spent on this 
work, both principles were faulty because they involved of 
necessity undue complication. 

Mr. Hersev, of the Bureau of Standards, now states a 
principle which has not yet been fully applied, but seems free 
from insuperable difficulties in execution. A working model 


gjpss tube, filled with a viscuous fluid. Simple mathematical 
considerations will show that if the fluid resistance is directly 
proportional to the speed of the ball through the tube in a 
horizontal fore and aft position, then the displacement of the 
ball at any instant from its initial position in the tube is 
directly proportional to the absolute ground speed of the 
aircraft. 

This indeed is a beautiful conception. The only practical 
difficulty remaining to be overcome is a provision of a suitable 
gyro-stabilizer to hold the tube horizontally. This certainly is 
not impossible of achievement. We can therefore look 
forward with hope to the development of an absolute ground 
speed indicator. 


Variation in Lift Coefficients with Speed 
In a paper on the Physical Basis of Air-Propeller Design 
F. W. Caldwell and E. N. Fales describe a high speed tunnel 
running as high as 400 m.p.h., in which some peculiar phe- 
nomena on the value of life coefficient were observed. As 
a rule, it has been assumed that while the drag coefficient of 
a wing diminished with the products of scale and velocity, the 
coefficient of lift remains practically unchanged. 

The experiments mentioned indicate that there is indeed an 
asymptotic value for the lift coefficient but that there is a 
great change from a low value of LV to a high value of I,V. 
This is another shock to the aerodynamicist who seeks to 
co-relate his wing tunnel data with his full flight tests. 


Production of Instruments in Quantity 
In no country is the problem of securing quantity produc- 
tion so well understood as in the United States. But, on the 
other hand, in European industries, it is found that workmen 
will work with greater artistic feeling and will achieve better 
results than ours would, in working without rigid standards or 
specifications. As a result, in the production of delicate in- 
struments during the war, French and British manufacturers 
were able to achieve quantity production long before the 
instruments lmd passed the experimental stage, while in the 
United States this was practically impossible. 

These remarks apply to many other line of engineering 
work. Sooner or later, it is to bo hoped that industrial 
education will provide us with a type of man who is as much 
of an artist in his work, as the French and British mechanic. 


Cleaning Rags in Fuselage 

A German writer states that cases have occurred where 
cleaning rags have been left in the fuselage by the ground 

These rags subsequently got into the control wires, and 
jammed the rudder, with disastrous results. Here is a cause 
of trouble which, in case of an accident, might be unjustly 
attributed to the designer. 

A skilled ground personnel in commercial aviation will 
be only second in importance to careful and skillful deingn 
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— — — <K, cos A + K. ein A) 

Q=r (L sin A — D cos A) 

V 

= r — — (K, sinA — ST. cob A) 



(b) n = 8 with V/nd = 1.56 

While in this condition, the lift coefficient is not at its 
greatest value, and the drift coefficient is quite small, the 
resultant velocity is high, and both thrust and torque compo- 
nents ore at their maximum values. The windmill efficiency 
also is high. 

Other cases might be studied in similar fashion, but the 
table and the curves indicate quite clearly that the blade 
element will develop its greatest braking effect, not at a 
standstill but at a stage where there is an appreciable .speed 
of rotation. If with the propeller nt a standstill there is 
sufficient torque to turn the engine over at all, it will soon 
accelerate to the point of maximum broking effect. 

From the 'windmill equation and the calculations of Table 
II certain other deductions are also possible. 

Since »' = C — A, C should be small to give a large negative 
thrust since i will then be large at appreciable rotational 
speeds when cos A should also be large and A small. The 
efficiency for the propeller acting as a windmill also improves 
with the L/D of the section when used at negative angles. A 
double cambered section would assist in this, since it 'could 
give both high negative lift values and a high efficiency. 
Available Wind Tunnel Results on Propeller Acting as a Wind- 
mill or a Brake 

Information on the action of a propeller acting as a wind- 
mill or as a brake is available from the N. P. L. and Leland 
Stanford laboratories. It seems useful to present the results 
of all such laboratories in the same manner, and in plotting 
curves to use the ratio V/nd as the abscissa, where V = ve- 
locity of advanco in ft./sec., n = r.p.s. and d = diameter in 

ft. 

The best method of presenting coefficients for thrust, and 
torque is the non-dimensional one, as usually employed. 


Thrust coefficient T. ^ ^ 
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8 faired in well from the tests ; 


in any consistent system of units. In this note, as in other 
notes of the series, T is in lb., Q in ft. lb., V in ft-/sec., d in 
ft., A density in lb. per cu. ft., g in ft./sec.’ units. 

For static tests, that is where there is — ‘ •-* 

locity, 


i. pressure and 16 deg. C., which is 0.076 lb./cu. ft ' 
value of g is 32.2 ft./sec.’ 

Propeller*' indmiU Tests at the N. P. L. 

In Fig. 7 is illustrated a four-bladed 2 ft. d 



The propeller was tested on the whirling arm in the usual 
way at translational speeds of 1800, 2200 and 2600 ft. per 
min. The value of the experimental mean pitch or the ad- 
vance per revolution when the propeller is giving no thrust 
was found to be 2.04 ft. The results of tests are given in 
Table III and in curves of Figs. 8 and 9. The curves in Kg. 


It is interesting t< 
and torque are not at their m 
tions are zero. This is in accord with our investigations of the 
forces on a single element of a blade. When the propeller 
is not rotating, the K. coefficient for an element may be very 
large, but the resultant velocity is smaller than in the case 
where it is the resultant of both translational and rotational 


a Leland Stanford 

Dr. W. F. Durand has tested in the Leland Stanford 
Laboratories a whole series of propellers for negative thrust. 
Reference is appended to his report, but a very useful idea 
of the braking action of a propeller may be obtained by a 
consideration of the results of some of these. 

In Table IV an 

1, 2, 8, 6, 9, 10, and in Figs. 1C 

blades and the sections as they appear in form F,, with smal- 
ler blade width. The pitch was uniform for these blades. The 
mean width of blade relates to the actual blade— normally 
that part lying beyond radius 0.2 r approximately. The two 
values of the face areas employed are approximately 
0.06 D’ and 0.08 D'. The numbers F. and F, are employed 
to designate respectively the straight or curved forms. 

In Figs. 12 and 13 are given the results of these blades used 
as propellers; in Fig. 14, the results for these blades as wind- 
mills with negative thrust. 

It will first be noted that these curves correspond very closely 
with the general trend of results at the N. P. L. The maxi- 
mum negative thrust coefficient does not occur when the 
propeller does not rotate. As the V/n D increases, an asymp- 
totic value of the thrust coefficient appears to be reached, 
while the maximum thrust coefficient occurs when the V/nD is 
not much larger than the V/nD for zero thrust. 

The diagrams show that the narrow blades have less brake 
effect than the wide ones. They also indicate that the brake 
effect of the higher pitch ratio is less than that of the lower. 

While in the National Advisory Committee's report, this is 
shown to be reasonable by virtue of the properties " " ' 


“fit 


nsider Fig. 2, it is at once evident that for 
e of the pitch an g le C, the negative angle of it 
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and the maximum braking effect attained when the engine is 
working. Each case requires a careful analysis of engino and 
propeller conditions. 

As a concrete example we may take the twin-engine Glenn 
Martin bomber. 

If this machine were travelling on one motor at a speed of 
75 m.p.h., carrying a Durand Propeller No. 5 of 9 ft. 6 in. 
diameter; then the thrust curve of the propeller would bo as 
shown in Fig. 14. At a V /nd of 1.8, corresponding to 382 
r.p.m., the negative thrust is 116 lb., which would be quite 
nn appreciable drag on the machine, particularly as this 
would increase the rudder action required, and the consequent 
inefficiency with the same propeller at rest the negative thrust 
would only be 87.6 lb. At a V/nD of 1.0 the negative thrust 
is zero. In this ease the engine would be turning over 690 

carry the propeller round. This rough analysis indicates that 

careful rules should he made for the conditions of the test; 
to allow one motor to turn over would, render the conditions 
of a single engine test unduly easy, since the negative thrust 
of the dead motor might be completely nullified. It further 
indicates that a twin-engine machine is less likely to be able 
to sustain flight on one motor, than calculations neglecting 
negative thrust would show. 



A decompressing device might be of considerable service for 
a twin-engine machine, since it would enable the propeller to 
revolve the engine much more rapidly and enable it to reach 
that value of V /nd where thrust coefficient is zero. 

Starting an Engine on a Glide by a tv inti mill 
Action of the Propeller 

Experiments on the friction horsepower of a 180 hp. 
Hispano-Suiza at low r.p.m. have recently been carried out 
at the Bureau of Standards and the results are plotted in 
Fig. 14. It may be noted that a low r.p.m. the friction losses 
are almost the same for both throttles open and closed. 

Adapting the 7 ft. 6 in. N. P. L. 4-bladed propeller, as 
previously described, to this engine and considering the air- 
plane diving at a speed of 100 m.p.h. with motor not firing, 
if the propeller be turning at 294 or 470 r.p.m. the windmill 
torque would be 170 lb. ft. in both cases and the windmill 
power would be 9.7 and 15.6 hp. respectively. This is more 
in either case than the friction horse-power of the engine. 
Therefore, if the motor stops firing after the machine attains 
the speed of 100 m.p.h., the propeller will slow down till to 
a certain r.p.m. at which the. windmill power of the propeller 


AVIATION 


June 15, 1920 



Over-Cloud Flying and Commercial Aeronautics* 


By Prof. Melville Jones 


roblem I propose to consider tonight is that of long- 
flight when the country is covered with a practically 
ns layer of clouds with low nnder surface and bad 
we know, 
er months. 
; on which 


weather underneath— the kind of day ii 

‘ ’ ' ntry 

X is cloudy, 

the clouds are sufficiently broken to allow of 

entirely losing touch 
lace it out of < 


■ntlv broken 
without enti 

ground, 1 
tonight. 

To assist you in getting a grip of what might otherwise be 
rather a diffuse argument, I shall, at this point, give a conden- 
sation of the argument that I propose to try and develop 
tonight. I do not expect everyone to agree with this argu- 
ment, I rather hope that some people won't and will give 
their views with vigor in the discussion to follow. I am de- 
finitely taking sides in the argument, the side that over-cloud 
flying will, if properly conducted, prove ultimately to be the 
best way of tackling the type of bad weather that J have just 
described. The most condensed form of my argument that 

On cloudy days one can fly cither beneath or above the 
clouds; in connection with each method there arc difficulties 
and dangers, but these arc of an entirely different type in the 

as follows: — 

1. Under-cloud flying can be successfully performed com- 
mercially by individual effort, but will always be at a serious 
disadvantage compared with fine weather flying. 

2. Over-cloud flying can only bo engaged in commercially 
with the assistance of organization on a large scale, and with 
certain apparatus, additional to what is essential for fine 
weather; given these conditions, however, it is capable of de- 
velopment to such an extent that it is very little inferior to 
fine weather flying as a commercial proposition. 

3. Individual effort, unless assisted by far-seeing organiza- 
tion on a large scale, is liable, of necessity, to develop under- 
cloud commercial flying at the expense of the alternative 
method, although the latter is likely to achieve better results 
in the long run. 

Difficulties of Firing Under Clouds 

For the sake of clearness I liave classified the objections to 
under-cloud flying as follows. These are not necessarily 


„ n in order of 

1. Strain to pilot. 

2. Danger of collision. 


winds. 


5. Annoyance to people on gro' 

6. Danger in forced landings. 

I will deal with these drawbacks in detail in order to 
develop the first part of my argument, i. that under-cloud 
flying on bad days, whilst being possible to determined indi- 
vidual effort, will always suffer from serious drawbacks in 
spite of any foreseeable developments in organization or 


Danger from Collisions. When the clouds are low, sav 
below 2,000 ft., everyone flies as high as possible without 
losing sight of the ground, so that almost all aircraft will be 

. da : VS ’„ t0 ° , la - ver no more than 200 ft. thick.. 


the neighborhood of aerodromes. When flying over clouds in 
clear air, collision dangers are practically' non-existent The 
problem of avoiding collision in clouds will be dealt with later. 

Discomfort of Passengers and Pilot. The contrast between 
the pleasure of flying over clouds and the discomfort of flying 
under clouds in bad weather is very great, and must be felt 
to be believed. It is difficult to convey any idea of the feeling 
of exhilaration produced by the absolute isolation, the clear 
blue sky above and the brilliant white cloud forms beneath. 
The only way to appreciate the feeling is to get above the 
clouds either on a mountain or in an airplane. Flying undei 
clouds on a bad day, on the other hand, is like a channel 
crossing in rough weather. Seriously, I think that this is a 
very important commercial consideration from the point of 


air currents at particular heights. In fine weather I 
this will be the determining factor of height. On bad days, 
pilots who can choose betwen flying under or over clouds, with 
perhaps considerable choice of height in the latter case, will 
have a very great pull over pilots who are forced to keep low; 
it is quite an ordinary occurrence for the wind at a great 
height to be exactly the opposite to the wind near the ground. 

Annoyance to People on the Ground. This does not at 
present sound a very serious matter, but I venture to suggest 
that people living on a heavily used route along which the 
large multi-engined machines pass close overhead during most 
of the winter, will get restive, to say the least of it. Whether 
their restiveness will do them any good, or the aircraft any 
harm, is another matter. 

Danger in Forced Landings. Forced landings in bad 
weather will be dangerous either from above or below clouds. 
One hopes they will get fewer and fewer as time goes on; if 


they d 

cable; ... 
to some extent. The worst case when flying low is when the 
engine fails whilst flying down wind ; a rapid turn then ha3 
to be made, with consequent loss of precious height and choice 
of landing ground. One has, however, the advantage when 
flying below clouds that one has a fairly clear idea of the lay 
of the land at the moment the engine fails. 

In forced landings from over clouds one has not the latter 
advantage, but one has two balancing advantages: — 

1. There is time to consider possible trivial causes of 


Pilot Strain. In my experience tlio strain of long contin- 
ued under-cloud flying, when the clouds are low and the 
visibility bad, is very great. This is mainly due to the in- 
cessant watchfulness that is necessary to avoid losing the way, 
and to avoid collisions when the air is at all crowded. The 
strain is, however, accentuated by the almost continuous 
bumps that are usually encountered. The mere physical 
effort of counteracting these bumps for hours on end is quite 
fatiguing, to say nothing of the weariness, due to being 
shaken about, comparable with that produced by a long motor 
drive on very bad roads. The contrast between the mental 
and physical effort required under these conditions and when 
merely keeping a compass course above clouds in clear air, 
free from bumps, must be felt to be believed. This contrast 
will probably be accentuated in time by the use of gyro 
' se maintainers in the latter cose. 


height as the attention from the start n 
De iocussea on tne actual landing. 

2. If the pilot possesses a knowledge of the w 

near the ground, he should arrive through the clouds already 
flying up wind and with a mind alert to the danger. 

The difficulty of the clonds extending to the gronnd, when 
one is above clouds, will be discussed Inter; when below 
clouds one can sec this difficulty coming and avoid it. 

The arguments just discussed form a rough survey, so far 
as I myself am able to analyze them, of the reasons why I 
feel that under-cloud flying on bad days, when the clouds are 
low, is not going to be a very satisfactory operation, partic- 
ularly when carried out over crowded land areas, such as the 
British Isles. I have tried to bring out the advantages of 


402 


AVIATION 


403 


cloud flying that I now 
are such that I imagine 
deciding for over-clou 


i discuss, these advantages 
would be no hesitation in 
a bad weather, whenever 


Difficulties of OvenCloud Flying 

We will turn now to a discussion of the difficulties and 
dangers of over-cloud flying and attempt to develop my second . 
argument, namely, that over-cloud flying can only be indulged 
in commercially with the assistance of a large organization 
and with special apparatus, but that, given these, it shows 
possibilities of development to such a pitch that it will be 
little inferior for commercial purposes to fine weather flying. 

As in the former case, I will begin by roughly classifying 
the difficulties and dangers and then deal with each in detail. 

My classification is as follows: — 

1. Difficulty of actual in-cloud flying. 

2. Danger that the clouds may come to the ground whilst 
airplane is in or above them. 

3. Difficulty of navigation. 

4. Difficulty of aerodrome finding at end of flight. 

5. Danger of collision in clouds. 

6. Possibility of having to reach great heights to clear 
clouds. 

7. Danger from storm clonds. 

Flying in Clouds 

The essence of the difficulty of flying in clouds lies in the 
fact that it is impossible to distinguish between the effects of 
gravity and of acceleration. For instance, a man in a lift that 
is accelerating downwards imagines that his weight has be- 
come reduced, and but for the fact that his other senses, such 
as sight and hearing, may tell him he is in a lift and therefore 
probably descending or ascending, he lias no way of telling 
' n reduced by the earth getting tired 
her words, an acceleration, or rate 
of motion, cannot be distinguished from a 

man in an airplane that is turning in a 
u know that under these conditions his 
of change of motion, will be at right angles 


o his momentary direction of 

B 
I* 



of the vertical by looking at the horizon; all pilots do this 
whether they know it or not. Once let the pilot enter a cloud, 
however, where he cannot see the horizon, and the fact just 
considered becomes of vital importance. 

Let us follow the case of a pilot, unequipped for cloud 
flying, who enters a cloud for the first time, and let us imagine 
that he has no compass. He goes in quite straight and level 
and, if he is a fairly experienced pilot, keeps his speed 
moderately constant for some time, using his elevator, either 
by feel or with the help of his speed indicator. The inside of 
a cloud however is generally very bumpy, and in trying to 



Suppose O (Fig. 1) is an 
airplane travelling into the 
paper, but turning to the 
right. Its acceleration is to 
right along OC, and the 
t cannot distinguish this 
from what would occur 
if there were an additional 
earth out to the left attract- 
ing him to the left along OB. 

The combination of this 
imaginary earth pulling 
along OA, the true vertical, 
produces the effect of a 
somewhat stronger earth 
Fio. 1 than the real one pulling in 

the new direction OP. In other words, the pilot has an 
apparently new vertical, and has no internal means of know- 
ing that this is not the true vertical except that he will feel 
a little heavier than usual, by just as much as OP is longer 
than OA. 

Now it is easy to see that OP does not grow much bigger 
than OA until the angle POA is quite large, and a man does 
not seem, in practice, to be at all sensitive to small changes 
in weight, especially when the change is gradual. Hence, in 
practice there is no means of telling that the apparent vertical 
is not the true one until the angle between the true and false 
vertical is very large ; even then, only the fact that the vertical 
is wrong is appreciated, not the direction in which the error 
lies. Any experienced pilot will realize this point at once 
from the fact that he can sit quite squarely in his machine 
with his cross bubble in the center on quite a steep bank, 
provided that the bank is correct for the turn. 

The fact we have discussed introduces no difficulties to a 
trained pilot flying in the open, because he preserves his idea 




t tlies 


humps lie gets upon a bank and starts a torn. 
His instinctive correction then only results in making the bank 
and the turn suit each other, not in levelling him up again, 
and for some time, greater or less according to chance, ho 
goes on in blissful ignorance that he is steadily getting on 
to n steeper and steeper bank and a sharper and sharper turn. 
All this time he would take his oath that he is perfectly level, 
and if. during this stage, which may last a minute or two 
(this seems a long time in a cloud), lie comes out of the cloud 
again, he probably rights himself and goes on with the mis- 
taken belief, that may subsequently cost him his life, that he 
can fly in clouds. 

Let use suppose, however, that the cloud is a large one ; his 
first indication that something is wrong is, as a rule, either an 
increase or decrease of speed that is not counteracted bv the 
accustomed movements of the controls. A period of ' wild 
suspense and utter bewilderment now follows, during which 
the pilot makes violent efforts to recover control, but without 
The next thing that lie realizes, if he realizes any- 
all, is that he is either on his back or spinning, and 
; thing he knows is that he is out of the clouds with 
the earth standing up at a ridiculous angle and spinning 
round like » drunken dinner plate. Happy is he that has 
plenty of air room under these circumstances. 

What has happened is obvious to anyone but the unfortu- 
nate crew of the airplane. The bank has increased without 
the pilot’s suspecting it until a new system of control is re- 
quired to maintain steady conditions; the pilot having no 
knowledge of this instinctively acts as he would were he level, 
with the result, chaos! 

I have not overdrawn this gruesome picture, I have been 
through it myself ns nn observant passenger, and have talked 
to many others who have been through it. Manv a good pilot 
has hnd his last living view of the earth in this wildly gyre- 
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Once the violent accelerations attendant on actual loss of 
control have started, the gyrations of the compass, as seen 
from the airplane, become something terrible, in a word, it 
appears to go quite mad, spinning and stopping again in a 
perfectly diabolical manner, so that the poor pilot who meets 
these phenomena for the first time is only confirmed in his 
belief that the laws of nature, as he is accustomd to them, are 
temporarily suspended. Figs. 4 and 5, taken from life, show 
a mild case of what can occur on a moderately sharp turn. 

It must not be supposed from the fore 
it is impossible to flv in clonds with the ai> 
the ordinary instruments only, on the 
managed during the ' ' ’ * 

pnrativelv inexperic 
they could actually . 

formation, and this without the use or special instruments ; 
the operation, however, was recognized to involve war risk. 
Under these conditions the long period compass, the action of 
which is ilnstrated in Figs. 2, 4 and 5, was found to be an 
absolute necessity. 

Possibly I have said enough to indicate that cloud flying 
without special instruments, althongh possible with training, 
involves too great a risk for commercial purposes, besides 
being in practice confined to flights not lying within 45 deg. 


of north. 

For war purposes the importance of cloud flying is obvious, 
because of the cover provided by the cloud; vigorous efforts 
were therefore made to devise instruments to make cloud 
flying easier, with the result that there arc now no less than 
three types of clond flying instruments in existence, working 
on entirely different principles; any one of these makes cloud 
flying comparatively simple. 
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Action of the Compose. Now consider the compass. If 
all compasses pointed to the north, under all circumstances, 
cloud flying would be easy. Fly on a compass course, and 
since you are not turning you can have no continuous lateral 
acceleration, and your apparent vertical cannot get far wrong. 
Unfortunately all compasses are affected by lateral accelera- 
tions in such a way that the north point in the Northern 
Hemisphere swings towards the direction of acceleration, ». «., 
to the inside of the curve when turning. I shall not go into 
the proof of this, which depends on the fact that the earth’s 
field is not horizontal but sloping down to the north ; it will 
suffice to say that, so far, no practicable way 1ms been dis- 
covered of overcoming this difficulty, nor is one likely, in my 
opinion, to bo forthcoming. 


advantage rather than a disadvantage, but when flying no 
the reverse is the case. The diagrams. Figs. 2 and 3, sho 
, make this point clear. These are produced from actual 
perimental figures. 

Firing north it is clear from Fig. 2 that the compass 
of verv little help as a means of flying straight; in sc 
cases it IS a distinct hindrance. The pilot following his ct 


that the accelerations produced by bumps, which almost 
always occur in clouds, disturb the compass very much, so 
that, even when flying south, control may be lost by an inju- 
dicious attempt to, follow the perturbations produced in this 



Fio. 4 


June 15, 1920 

These three types can be grouped t 
heads: — 

The Static Head Turn Indicator. 
The Spinning Top. 

The Gyro Turn Indicator. 
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static heads or devices for measuring true pressure SiS> ; these 
are situated on the wing tips. The gauge reads a small dif- 
ference of pressure when the airplane is turning owing to the 
centrifugal force in the tubes T, and T,. 

So far the device might be thought to be merely equivalent 
to an elaborate cross level, whilst the airplane is level it reads 
the same quantity as the ordinary bubble cross level. 

When the airplane banks, however, the tendency of the air 
to flow down the tubes TiTs is neutralized by the barometric 
pressure difference between the points S,Ss, due to their being 
at different heights. The centrifugal force on the air in the 
tube is thus still free to make itself felt so that the instrument, 
reads lateral accelerations independently, or nearly indcr 
denly, c-' ’ * " ’ -* * " 


bilitics in the way of violent pressi 
rapid air flow past the static heads 


e* bubble 
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In practice this instrument works very well, and its 
presence on an airplane makes cloud flying safe, since by its - 
use it is always possible to tell which way one is turning or 
trols. It has, however, three serious defects for use as the sole 
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2. As at present constructed there is an excessive “lag" 
between the starting of the 1 lii’n and its registration. 

3. As at present constructed it is very much influenced by 
side slip. This is not a fundamental difficulty, but is thought 
to be due to the nnsymmetrical influence of the airplane 
itself on the neighboring air, when side slipping. 

4. It is possible, though rare, for the static heads to freeze 
up solid and put to instrument out of action. When this 
hnppens in a cloud the speed indicator will also be out of ac- 
tiontion and disaster would probably follow. 

Defects 1 and 4 relate to relie" ' 
commercial work. Defects 2 a 


e it practically im- 


g the ti 


a indie; 



the primary instrument; the compass has to be used for 
this purpose and the turn indicator as an occasional corrector. 
The defects of a compass ns an instrument for flying straight 
have already been considered. In spite of these defects the 
Static Head Turn Ind'calor produced nn immense simplifica- 
tion in the art of cloud flying. 

Spinning Top. The Spinning Top cloud flying device 


a point 


enter of 


gravity and carrying some indication to show the direction 
in which the axis is pointing. The usual method of doing this 
is to prolong the axis upwards by a light rod with a white ball 
top nnd to cover the whole with a hemispherical glass bowl 
provided with reference marks. The axis of this top tries 
to remain vertical despite tilts of the airplane, or accelera- 
tions ; it does not quite achieve this object, but for small and 
not too continuous acceleration it makes a passably good 
attempt. The instrument is used in clouds as follows: — The 
top is placed so that the pilot can look down on the hemis- 
pherical glass bowl which swings with the airplane. The top 
axis remains approximately vertical, and hence when the air- 
plane tilts, it appears to the pilot to move in the bowl. If 
the pilot follows the apparent movement of the ball on the top 
axis with his stick, he makes the correct movements to restore 
his machine to a level position; this is easily verified. When 
the airplane is kept on nn even keel, as explained above, 
turning is indicated on the cross bubble level and is therefore 
easily prevented by the use of the rudder. 

This instrument has two great advantages that particularly 
fit it for use in light unstable airplanes. These are: — 

1 . Its indications are instantaneous. 

2. It indicates fore and aft level as well as lateral level. 

The latter is an important point in unstable or un trimmed 

airplanes, since, in the absence of the horizon, such an air- 
plane is very difficult to control fore and aft, because varia- 
tions of the speed indicator do not begin to show until the 
nose has been up and down for some little time. In stable 
aircraft, that can be trimmed fore and aft, this is a matter of 
minor importance only. 
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The chief defect of the instrument is that violent maneuvers 
upset it altogether and hence it is of no help in regaining 
control after control has once been lost. There were also, I 
believe, difficulties with the pivot, but probably these have 
been overcome by now. Apart from these defects the instru- 
ment undoubtedly makes cloud flying comparatively simple 
with very little previous training. Clearly it does not, by 
itself, provide the absolute safety required for commercial 
work, and it is ruled out for fighting airplanes by the fact 
that it cannot stand “stunts.” 

Gyro Turn Indicator. The Gyro Turn Indicator developed 
by the Royal Aircraft Establishment from a similar device 
by Professor Henderson for use in ships, provides, to my 
mind, the best instrument for all round use. This consists of 
a gyro wheel spun directly by the air flow past the airplane. 
Tile’ axis of spin is fore and aft, and the whole is able to 
process about a thwartship axis. The precession is controlled 
by relatively strong springs and its deflection against these 
springs is magnified and read on a dial, the deflection being 
■ • the rate of turning in space. The chief merits 




only and would then report to the main s 
dangerous lowering of the clouds in their are 

With such a train of stations it should at least be possible 
to ensure that nothing short of complete engine failure should 
necessitate landing in fog. This would be a great step for- 
3 *■ *“ ircial aeronautics is g 
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lvolvcd being so large that no delicate 
It is therefore very reliable, 
if stunting puts it off its good behavior so 
t to regain control at any time after control 

3. It is almost instantaneous in action, registering even a 
small turn the moment it begins and before any appreciable 
turn has taken place. For this reason it can be used 
primary straight flying instrument and th< 
to its proper sphere of duty, that of an 
one from t : me to time where one is going. 

With this instrument cloud flying on a maemne rnat is 
stable and trimablc fore and aft should be perfectly simple 
and require no more training than is required to give the pilot 

required to register turns correctly on a north course, but it 
should He of good behavior in bad bumps. 

Summarizing the situation with regard to the operation of 
flying through clouds. I think it is possible to state quite 
definitely that, whilst cloud flying without special instruments 
is a difficult and dangerous operation, unsuited to commercial 
work, yet there are three distinct and tried forms of apparatus 
that make it feasible, and one, at 1 ' " " ~ 

Turn Indicator, whilst being simple, i 


mediate observation huts might be required; it might, 
their use, be possible to keep the pilots informed of any dis- 
tricts on their routes that were extensively covered, so that if 
their engines failed they could use their height to get away 
from the danger areas. It must be remembered that the air- 
plane, when over clouds, will generally be above 10,000 ft. and 
hence will have a circular area of about 12 miles radius from 
which to choose a landing ground; probably days bn which 
the fog patches are more than 24 miles across will be consid- 
ered unflyable in any case. The problem of how the pilot is 




e fails is dealt with later. 


pliable and cheap, 

.ion air flying, apart, of 
of collision which we will consider 

o Earth whilst the Airplane It 
Above Them 

i the actual passage through the cloud, 
which we have seen to be feasible, to the most serious diffi- 
culty of nil, the danger that whilst above, or in the clouds, the 
clouds themselves may come down to the ground. If this 
occurs without the pilot being aware of it, disaster on trying 
to land is practically inevitable; until this danger is satisfac- 
torily overcome, over-cloud flying, of the type we are consid- 
ering, is emphatically not a commercial proposition. 

So far ns I can see there is only one counter for this danger, 
and that lies in the use of the wireless telephone together with 
an organzation that keeps the pilot informed of the state of 
the air under the clouds during almost the whole flight. I do 
not myself think that any means of communication short of 
direct speech on the telephone will be adequate for this pur- 
pose. on account of the complicated ideas that may have to be 
conveyed. It may. for instance, be necessary to tell the pilot 
that he cannot land at Hendon, but that at Croydon aero- 
drome the air is clear enough to get down; or again, that 
London is totally mist-covered and a descent should be made 
at Lympne or some other aerodrome short of London. 

The organization that I should imagine for this purpose 
would consist of a train of small wireless stations along the 
route, at such distances, that one at least would be in com- 
munication by wireless telephone with the airplane during the 
whole flight. These stations would be linked by wire with the 
ncrodromes along the route and with the Meteorological Office. 
One might hazard a guess at 100 mile intervals, with perhaps 
intermediate observation huts at shorter intervals, the latter 


Difficulty of Navigation 

Navigation over clouds can conceivably be carried out by 
one of several methods. These methods might be grouped 
under the following heads: — 

1. Dead reckoning. 

2. Observation of heavenly bodies. 

3. By direct observation of fixed balloons or Archie 
bursts. 

4. By the help of wireless. 

Dead reckoning has been shown to give results that with 
great care can generally be relied upon to within about 10 
miles in a hundred. But until meteorology has made very 
great strides, I do not think that one will be able to rely for 
commercial purposes on unassisted dead reckoning over dis- 
tances greater than about 100 miles; one has to be so very 
reliable for commercial success. Dead reckoning for some 
distance will always be a part of any system of navigation out 
of sight of land, but alone it is not adequate for the purpose 
under consideration. , 

Observation of heavenly bodies looks very promising in 
connection with very long voyages, particularly over sea or 

method for use in relatively short* flights of 200 to 500 miles, 
such as I have in mind in this paper. At the best this method 
of obtaining one’s position does not look likely to give results 
much better than from within 5 to 10 miles; this accuracy is 
amply good enough for general purposes, say when crossing the 
Atlantic, but it is not Very much help when the aerodrome has 
finally to be found in thick weather under clouds. 

The use of observation points such as balloons or archies 
have the great disadvantage that in the former case there is 
a horrible wire passing up through the clouds, and in the 
latter case there is a hard and heavy shell to be got up through 
the cloud without hitting anything and to be brought down to 
earth again without damaging life or property. 

The remaining method is by wireless. There are really 
four separate ways for using wireless: — 

1. With large central stations, not necessarily on the route, 
receiving signals directionally from the aircraft and them- 
selves working out its position and transmitting back to the 
aircraft. 

2. With large beacon stations whose messages are received 
directionally on the airplane, the position being worked out 
on board. 

3. With small beacon stations on the route whose signals 
are received directionally by the airplane with a fixed appar- 

that allows the pilot to fly straight on the beacon. 
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An objection to 1 lies in the large size of tl 
required on the airplane. 

n objection to 2 is the special knowledge a 
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required 

The objections to 3 are not so serious, and it might be a 
good competitor with 4, but for the fact that we have already 
come to the conclusion, on other grounds, that the airplano 
must be equipped with a wireless telephone set. 

If. as I have tried to show, the wireless telephone in com- 
munication with a series of stations on the route, * 

system of navigation coming under the fourth 
the most general advantages. 

Imagine a much-frequented trade route, say from London 
to Paris, or London to Scotland or Ireland, and suppose that 
at the termini and at distances of say 100 miles there were 
stations equipped with wireless telephones and directional 
receiving sets; suppose also that the aircraft are equipped 
only with the wireless telephone transmitter and receiver. 
The course of a flight might be as follows: — 

The aircraft starts from London with the best available 
information as to wind above clouds and state of the air below 
clouds along the route. The pilot immediately passes up 
through the clouds on the best course he can lay to get him to 
the first wireless station, say Folkstone. Let us imagine that 
his dead reckoning would have brought him within 15 miles 
to the west of Folkestone, although of course, he docs not 
know this. When about twenty miles or more short of Folke- 
stone, by his calculations, he calls up on his ’phone and asks 
for his bearings. Two alternative procedures are now possi- 
ble. In the first the operator at Folkestone gives the bearing 
to the pilot from his station, and the pilot flies on the 
reverse of his bearing and ultimately, with a few corrections 
from the ground operator, arrives over the operator and is 
informed of this fact ; the operator can tell this moment ap- 
proximately by the fact that signals become indeterminate, or 
perhaps by the use of a direction finder with vertical motion. 
In the second procedure the pilot holds his course, and the 
ground operator estimates his shortest distance from his 
station by the maximum rate of traverse of his signals and a 
rough knowledge of his ground speed. In either case the 
pilot, without descending through the clouds, gets his position 
fairly accurately every hundred miles or so and carries on in 
between by means of dead reckoning. He is also of course 
kept informed, by the intermediate and terminal stations, of 
any serious meteorological change or impending change, 
either in wind above elonds or in the conditions below the 
clouds along the route. 

Taking into consideration the argument that the telephone 
on the airplane is a practical necessity for ovor-cloud flying, 
it seems to me that some such method as that outlined above 
will provide the best means of navigation on much frequented 
routes, principally because it calls for a minimum of appara- 
tus and technical skill in the pilot. All he requires is the 
ability to use a wireless telephone set and to lay a course for 
a short flight by dead reckoning. The directional wireless set 
is in the hands of a specialist, to whom wireless and not flying 
is the primary fact of life, and who is sitting in comfort in 
an office on the ground. 

The meteorological problem of obtaining the wind above 
the clouds, with sufficient accuracy for the intermediate dead 
reckoning, introduces a difficulty, but not an impossibility; 
probably the most satisfactory method of obtaining the nec- 
essary data would be to use self-recording apparatus elevated 
by late balloons situated permanently in areas prohibited for 
flying. There are other methods of obtaining this data, such 
as the observation by airplanes, of A.A. fire above the clouds, 
or again by the use of sound ranging on explosive signals 
carried by small free balloons. To all these methods there are 
objections, but it must be remembered that the high altitude 
winds do not vary rapidly with space, and hence it is possible 
to put the wind finding stations in unfrequented spots at 
considerable distances from the actual routes. 

No doubt the actual observation at the control stations of 
the prevalent errors on any particular day would greatly assist 
in keeping the official wind at any height in agreement with 
the true facts. It might even be possible to develop some 
method of obtaining the wind in the first place by an obser- 


Minor Difficulties of Overcloud Flying 
Difficulty of Locating the Aerodrome at the End of the 
Flight. Anyone who has tried it will realize how difficult it 
is to locate one’s position when plumped down out of the 
clouds at an unknown spot on a day of low visibility. To 
locate oneself with reasonable rapidity under these conditions 
requires a very intimate knowledge of the details of the 
country. For this reason it would be a very great drawback 
to over-cloud flying if the final descent through the clouds 
were to occur at an indeterminate position that may possibly 
be several miles from the aerodrome. 

With an aircraft equipped with the telephone, and with a 
traffic controller at the aerodrome equipped with directional 
wireless, this difficulty would practically disappear; for the 
traffic controller could actually lead the aircraft home even 
whilst passing through the cloud and could continue to lead 
it until within sight of the aerodrome. 

Danger of Collision in Clouds. Except in the case of 
forced landings the airplane will only be in clouds when de- 
scending to, or rising from, the aerodrome. With heavy traffic 
continually passing up and down through the clouds over the 
aerodrome collisions are inevitable unless some central control 
is exercised. I believe that the only way in which this control 
can be managed is by the wireless telephone assisted by direc- 
tional wireless receivers od the aerodrome. With this appara- 
tus the aerodrome traffic controller could ensure that only a 
safe number of airplanes were in the clouds together and could 
have some idea of their relative positions. The in-coming 
airplanes might, for example, be kept on the down-wind side 
and the out-going on the up-wind side of the aerodrome, so 
* — “ — * — ”er at a large aero- 
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Difficulty of Having to Fly Very High Occasionally to 
tear Clouds. There arc .days when the clouds reach a height 
•enient to have to reach in an airplane, 
and pilot ai ' " 
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great power reserve required to reach such a height. 
Again there will be days when the adverse winds at the height 
necessary to clear the clouds would be too -strong to make the 
flight practicable. 
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clouds and put np with the discomfort; it is not contended 
that it will always be possible to fly above clouds, but only 
that it will often be possible to do so with advantage. On 
days of high wind, of course, airplanes passing in one direc- 
tion would keep below clouds, whilst those going in the 
contrary direction would fly above them. Even flying below 
clouds, however, the directing stations would be of consider- 
able value in bad weather. 

Danger from Storm Clouds. It is possible that storm 
clouds might form whilst an airplane is actually above clouds 
and that the electrical distrubancos might interrupt ce 
cation with the ground. If the danger is ‘ 
throw another burden on the meteorologi 
predict these occurences in time to preve 
sneh a state of affairs being predicted a 

brought down by wireless signal and made to nmsn their 
journey in discomfort beneath the clouds. 

If I have succeeded in making myself clear I have indicated 
that in my opinion the development of over-cloud flying is 
probably essential to the full commercial use of aviation in 
this country, and that to develop over-cloud flying a good 
s--i _» - large-scale is necessary. This or- 
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Meteorological, consisting of the cc 
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clouds, etc. 

Constructional, in the laying down of wireless control 
stations at and between termini, on the main routes. 

Instrumental and Training, in the provisions of the nec- 
essary instruments for cloud flying and dead reckoning, and 
in the training of pilots in their use. 

With regard to meteorological organization, the first slep 
is obviously to push on with the development of methods of 
recording the upper winds even when clouds are present, since 
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without this information dead reckoning over clouds is im- 
possible. 1 believe this step is of great importance to the 
development of commercial flying — quite apart from over- 
cloud flying — because the knowledge of the wind force and 
direction a various heights is obviously going to be of great 
economic importance, and it will be a serious handicap if this 
information can only be obtained after the clouds have cleared, 
having regard to the inevitable delay that must occur between 
the obtaining of the information and its reaching the aero- 
drome at which it is required. How much more valuable 
would such information be if it were continous both in 
clouded and clear weather so that immediate advantage could 
be taken by the pilots of a sudden clear up? 

Of the various methods briefly indicated in the body of this 
pnper I incline to the kite balloon with recording instruments, 
for by this method continuous records of the conditions at 
any desired number of heights can be obtained with no delay 
whatever. The necessary instruments have already, I believe, 
been brought to a fairly advanced stage at the R. A. E. 

The organization of the control stations suggested is of 
course a large undertaking. Ultimately I see in imagination 
a stnte in which the British Isles might be dotted over with 
such stations, exactly as at present the coasts are dotted with 
lighthouses. If this vision were ever realized there would be 
no diflieulty at all in arriving on long flights from great 
distances, say by airship froni America, and finding the earth 
covered by cloud. One would be certain to pick up some sta- 
tion, obtain position and a general report on the weather con- 
ditions below clouds, and be passed on from station to station 
until the terminus was reached. 

With regard to the question of instruments and training of 
pilots, the instruments have passed the scientific development 
stage ns far ns flying in clouds is concerned and now only 
require general application. 

The training of pilots amounts to little more than teaching 
them to use and believe in their instruments. Flying ill cloud 
is a purely instrumental operation and some experience is 
generally needed to convince n good open air pilot of this fact. 
As already stated we succeeded at Orfordness in training for- 
mations of pilots of only moderate experience to fly through 
clouds in formation, even without the turn indicators; if this 
was possible there should lie little difficulty in training pilots 
to climb through clouds without embarrassment ot a formation 

the gyro turn indicators. 


N. A. C. A. Reports 

Copies of these reports may be obtained upon request from 
the National Advisory Committee for Aeronautics, Washing- 
ton, D. C. 

Spark Plug Defects and Tests — S ynopsis of Report No. 
51, National Advisory Committee for Aeronautics. 

Part I of this report discusses the various causes of failure 
of spark plugs, viz.: (1) Fouling with carbon deposit 
causing short circuit; (2) fouling with oil deposit causing 
open circuit; (3) breaking of the insulator; (4) preignition; 
(5) conduction through the insulator; (6) electrical puncture 
of the insulator; (7) minor trouble, such ns warping and 
breaking of electrodes, etc. Types (1) and ( 3 ) are most 
frequent. The causes, indentification and possible remedies 
for each trouble are discussed in detail. Port II gives the 
results of gas leakage measurements on several hundred plugs, 
and tabulates the result bn a basis of design, material, etc. 
The principal conclusion is that tightness is a matter of work- 
manship rather than design. Part III describes the methods 
worked out for testing spark plugs in the laboratory for (1) 
electrical conductivity when hot, (2) resistance to thermal 
cracking, (3) gas tightness, (4) resistance to mechanical 
shock, (5) dielectric strength, (6) engine test. 

Experimental Research on Air Propellers, hi— Synopsis 
of Report No. 64, National Advisory Committee for Aero- 
nautics. 

This report presents the results of a series of tests in con- 
tinuation of those previously reported in Nos. 14 and 30. 

The tests covered in the present report include the following 
characteristics : . 

Four propellers of nominal pitch ratio 1.3, uniform pitch. 


straight face and with four combinations of form of blade and 

Five propellers of nominal pitch ratios 0.5, 0.7, 0.9, 1.1, 
1.3, all of uniform pitch, one area and blade form, and with 
the driving face made slightly convex by adding a crown of 
one-sixth the normal thickness of corresponding straight face 
sections. 

Four propellers of nominal pitch ratio 0.7, uniform pitch 
one blade form and area and four locations of the maximum 
thickness ordinate of blade section. 

Three propellers of nominal pitch ratio 0.7, uniform pitch, 
one blade form and area and with three degrees of the de- 
formation of the leading edge through pushing forward by 

Twelve propellers distributed over the pitch ratios 0.5, 0.7, 
0.9, 1.1, 1.3, all with one blade form and area, and with 
radially expanding pitch derived in each case on the assump- 
tion of a constant value of the angle of attack. 

Several of the propellers of these series combine with those 
previously reported on to form more extended series with all 
characteristics constant except one and that one varying by 
rcgn'ar steps; others are intended to show, for a typical com- 
b' nation of other characteristics, the influence of some one 
feature, as for example the distortion of the leading edge, or 
the location of the maximum .thickness ordinate of blade 

The results, as in Reports Nos. 14 and 30, are given in two 
forms: (a) Curves showing actually observed spots for 

values of thrust and torque coefficients over a wide range of 
values of V/ND, with resultant efficiency curves. 

(h) Eiffel Logarithmic diagrams giving tile relation lte- 
tween power, air density, speed, diameter and revolutions. 

The paper is accompanied by a brief description of a meth- 
od of carrying on the tests, with a general discussion of the 
resu’ts with reference to the points most noticeably brought 
out by the various series formed cither by the models of the 
present report alone, or formed by them in conjunction with 
those covered by the earlier reports. 

The report is illustrated with 24 full page sheets of curves 
and 3 pages of cuts showing geometrical forms and charac- 
teristics of models employed. 

Wind Tunnel Balances. — S ynopsis of Report No. 72. Na- 
tional Advisory Committee for Aeronautics. 

This report is divided into four parts, the first of which is 
devotd to a detailed description, with numerous illustrations, 
of the balance designed for the wind tunnel at Langley Field. 
The second part of tile report treats of the sensitivity of the 
N.P.L. type of balance, the means provided for adjusting 
sensitivity and the effect on sensitivity of the rolling and yaw- 
ing moments and cross wind force which appear when the 
oscillations of the balance throw the plane of symmetry of 
the model out of line with the relative wind. 

' Part HI is given up to a discussion of the possible errors 
of the N.P.L. balance. Seventeen factors are listed, and the 
•mportance and the means of combatting each is discussed. 
Finally, in the fourth part there are brief descriptions of four 
other types of balance (Eiffel, St. Cyr, Curtiss 2 axis, and 
Wright). The precision of each of these types and their most 
striking advantages and drawbacks are briefly discussed. 

The Aerodynamic Properties of Thick Aerofoils Suitarle 
for Internal Bracing — Synopsis of Report No. 75. Na- 
tional Advisory Committee for Aeronautics. 

This report deals with the results of a series of tests con- 
ducted at the Massachusetts Institute of Technology wind 
tunnel, with a view to developing aerofoil sections thick 
enough to permit of internal bracing and the use of cantilever 
wings without any external bracing of the airplane wing truss. 
The sections tested were based on the Durand 13, and were 
varied in section form, in thickness along the span, and in 
chord along the span. Tapering both in thickness and in 
chord was found to be highly beneficial to efficiency, and some 
of the wings developed gave L/D ratios practically as high 
at angles corresponding to very high speeds of flight as the 
best of the wing sections for normal type, together with very 
much higher maximum lift coefficients. In particular, it was 
found that the substitution of a thick tapered wing for R.A.F. 
6 on a 3600-pound fighting biplane with Liberty engine 
would increase the maximum speed by 18 miles per hour, due 
to the saving in parasite resistance by entire elimination of the 
interplane bracing. 
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FARMAN 

Aeroplanes 



* ► - Tte 'GOLIATH" 

ANOTHER WORLD’S RECORD ™l “GOLIATH”! 

24 hours, 19 minutes, 7 seconds IN THE AIR 

This World’s Endurance Record was made by the FARMAN “GOLIATH” June 
3-4, 1920, at Etampes, France, piloted by Messrs. Bossoutrot and Bernard. 

The “GOLIATH,” the undisputed Champion of the Air, holds additional World’s 
Records as follows : 

April 3, 1919 — World's Altitude Record (with 14 passengers). 20.341 feet. 

April 5. 1919 — World's Altitude Record (with 2 5 passengers), 16.732 feet. 

August 11. 1919 — World's Record Non-stop Flight with eight passengers, 1,300 miles in 17 hours 
20 minutes. 

For operation on Aerial Transportation lines, no aeroplane in the world can equal the speed, safety and 
efficiency of the FARMAN “GOLIATH.'' 

Other FARMAN models: 

The “Tourabout” The “Training Plane” 

The “Sport-Farman” . The “Limousine” 

W. WALLACE KELLETT 

1 WEST 34th ST. NEW YORK CITY, N. Y. 
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FLOYD SMITH AERIAL EQUIPMENT CO. 

Manufacturers & Patentees of the 

Floyd Smith Life Pack 

Read the following expressions from some of 
our foremost fliers. 


"1 have become so accustomed to wearing 
your pack that I feel lost without it. In fact, 

I feel uneasy without it. On my last high 
flight, I must say that the pack was the dear- 
est thing in my life." 

ROLAND ROHLFS, Chief Test Pilot, Curtiss Aero- 
plane & Motor Corporation:— 

"Congratulations to you on your wonderful 
Parachulc. I jumped yesterday with good 
success. I am a strong booster for your chute.” 
and many others. 


Can you afford to be without one? 
Information and. price furnished on 
application 

FLOYD SMITH AERIAL EQUIPMENT CO. 

367 W. ADAMS ST., CHICAGO, ILL. 


The Most Thrilling Adventures Today are those of the Aviator 
READ 

LUCK ON THE WING 

Thirteen Stories of a Sky Spy 

By ELMER HASLETT, Major, Air Service, U: S. Army 

There are no stories of adventure more thrilling than these. The aviator’s intense 
joy in the present hour, which may be his laBt keen look at life, sets such books in a 
class apart. Brig.-Gcn. Wm. Mitchell. Commandcr-iri-chief of the American Air Forces 
at the Front, says that ’‘few men even in the air service had so many and so astounding 
adventures" as befell Maj. Haslett “and of these, fewer still lived to tell the story.’’ 
As to the book’s deeper value, be adds that, in his opinion, Maj. Haslett has “provided 
not only the most interesting story but one of the very few which the future historian 
will find of considerable value when he sets himself to the task of compiling Air Service 
History”. 

PRICE, §3.00 

E. P. DUTTON & CO., Publishers 

681 FIFTH AVENUE NEW YORK 
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Contractors to tbe • Army, 
Navy and- Air- Mail-Service 
L w r Engineering co-,i«c, 

•College Point- New -York.- 


The Home COMPANY New York 

ELB RIDGE G. SNOW, President 
Home Office: 56 Cedar St., New York 

AIRCRAFT INSURANCE 

Against the Following Risks 

1. FIRE AND TRANSPORTATION. 

2. THEFT (Of the machine or any of its parts). 

3. COLLISION (Damage sustained to the plane itself). 

4. PROPERTY DAMAGE (Damage to the property of others). 

SPECIAL HAZARDS 

Windstorm, Cyclone, Tornado — Passenger Carrying Permit— Stranding and Sinking Clause— Demonstration Permit — 
Instruction Permit 

AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA MEXICO, CUBA PORTO RICO AND CENTRAL AMERICA 

Air e r e ft , Automobile, Fire and Lightning, Explosion, Hail, Marine ( inland and Ocean), Parcel Post, Profits and Commis- 
sions , Registered Mali, Rents, Rental Values, Riot and Civil Commotion, Sprinkler Leakage, Tauristd Bag- 
gage, Use and Occupancy, Windstorm 

STRENGTH REPUTATION SERVICE 
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“The Plug that Cleans Itself’ 



“The Plug with the Infinite Spark” 
THE BREWSTER -GOLDSMITH CORPORATION 

33 Gold Street, New York City, U. S. A. 


Aluminum Company of America 

General Sale* Office, 2400 Oliver Building 

PITTSBURGH, PA. 

Producers of Aluminum 

Electrical Conductors 
for Industrial, Railway and Commer- 
cial Power Distribution 

■Iso 

Ingot, Sheet, T ubing, Rod, Rivets, 
Moulding, Extruded Shapes 

■Iso 

Litot Aluminum Solders and Flux 

CANADA 

Northern Aluminum Co., Ltd, Toronto 
ENGLAND 

Northern Aluminium Co, Ltd., London 
LATIN AMERICA 

Aluminum Co. of South America, Pittsburgh, Pa. 
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PARAGON PROPELLERS 


Highly Developed Dynopter Design 

Special for J. N. Machines 



The Economy Propeller 
Par Excellence 

Price $45.00 F. O. B. Baltimore 
For Metal Sheathing Add $12.00 

These are a Special Development for O. X. Motors on 
J. N. Machines, now being made in large quantities and 
ready for immediate shipment on receipt of $15.00 
deposit. C O. D. for balance, with examination allowed 
before acceptance and safe delivery guaranteed. Every 
one bears the Paragon mark, with ail that the mark 
implies. Get our General Booklet and List for other 
designs, etc. Write today. 


AMERICAN PROPELLER & MFG. CO. 
1201-9 Covington Street 
Baltimore, Maryland. II. S. A. 


“RYLARD” 

'T’HIS SPECIAL VARNISH was adopted by 
the British Air Ministry in 1916 as being 
the premier Varnish for Aircraft work. Tin: 
whole of the output of “ Rylard ” produced 
from our specially increased plant was taken by 
the Air Ministry and delivered to the various 
Aircraft manufacturers all over the British Isles, 
for use over doped fabric, and has given every 

The most suitable Varnish 

for 

AEROPLANE PROPELLERS 
STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 


It Dries Quickly, v 
Impervious to Oil 
unaffected by Sun 


rill not Bloom. Crack, 
, Petrol, Sea Water, 
or Rain. 


is 

is 


AMERICAN BRANCH: 

Llewellyn Ryland Co. of America 

64 East Van Buren Street, CHICAGO, U. S. A. 
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aker’s 

A-A 

tsastor Chi 


. Specialty ftefined 
■ for the Lubrication of 

Aeronautical motors 


BAKER CASTOR OIL CO. 

IheOtdes^md^^t^m^aauners 
o4 Castor Oil in the United Slates 
120 BROADWAY * - ~ NEW YORK i 


Are you building 
a hangar? 


TOHNS-MANVILLE Corrugated 

J Asbestos Roofing, used for the 
roofs and side walk of hangars, 
gives weather-proof protection of 
splendid durability because it is im- 
mune to the corrosive action of sea- 
air, smoke or add fumes — and it 
never needs painting for its asbestos 
surface is amply able to resist any 

Write for information about Johns- 


CA NADI AN JOHNS- MANVILLE © 


FREDERICK W. BARKER 

REGISTERED PATENT A TTORXEY 
2 RECTOR STREET NEW YORK 

Telephone 4174 Rector Orer 30 Tearm in Practice 


President 
ical Society 
an 1915 to 1919 


SPECIALTY : Patent Claims That Pro. 


Our Propellers Are 


xceptionsl Service 


HAMILTON AERO MANUFACTURING CO. 

679 LAYTON BLVD. MILWAUKEE, WIS. 


Contractor s to United States Gov. 


Order that Spare Prop Note 
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Grand Rapids Vapor Kilns 

are used by these aircraft concerns with absolute 
satisfaction. 

A*"™* 1 Corporation 
Co. 

Gallaudot^AIrcrrJt^Corp^* 

to experts who make a 
ana »rc prepared to furnish and 
— . a. rsiufiuicui and instruments. 

GRAND RAPIDS VENEER WORKS 

Grand Rapids, Michigan Seattle, Washington 



Flottorp Manufacturing Co. 

AIRCRAFT PROPELLERS 

Established 19U 


213 Lyon St., Grand Rapids, Michigan 


Contractors to United States Government 


mm mm 


w 


TYPE L-6 

AIRPLANE ENGINES 

Hall-Scott Motor Car Compaq 

West Berkeley, California 



A- J. MEYER MANUFACTURING CO. 
819 John Street West Hoboken, N. J. 


AIRPLANE INSURANCE 

FOR THE 

Manufacturer — Flyer 

Fire— Collision — Damage to Property of Others 
Legal Liability — Life — Personal Accident 
Conservative Rates — Best Companies 
PRONE— WRITE— WIRE 

HARRY M. SIMON 

Insurance Expert 

81-83 Fulton St. Now York, N. Y. 


Warwick NON-TEAR Aero-Cloth 

A SAFE CLOTH for FLYING 

For Particulars Apply to 

WELLINGTON SEARS & CO. 

66 Worth Street, New York 


Louis Dusenbury & Co., inc. 


MANUFACTURERS AND IMPORTERS 
INTERIOR TRIMMINGS OF QUALITY 
FOR PASSENGER PLANES AND 
DIRIGIBLES 

.CARPETS 

UPHOLSTERIES 

CURTAIN FABRICS 

229-233 FOURTH AVENUE NEW YORK 





416 


AVIATIO 


Juno 16, 1920 



For Your Flying 
■* — Boats Use 


Upward of 5,000 gallons 
of Jeffery - s Patent 
Waterproof Liquid Glue 
bag been used by the 


L. W. Ferdinand & Co. 


LEARN TO FLY 


in old established school. 




AMERICAN ACES 


Army Training Planes Used. 
W e Build Our Machines. 


DAYTONA FLYING CLUB (Winter), Daytona, ' Fla. 


PIONEER RUNNING LIGHTS 


FOR WINGS AND 
TAIL -• STRONG 
LIGHT WEIGHT • LOW 
HEAD RESISTANCE 
INEXPENSIVE — 

WRITE. FOR INFORMATION 

PIONEER INSTRUMENT COMPANY 

246 GREENWICH ST. NEW YORK CITY 





• * n < * ay constan I improvement in the design construction and performance of 
aircraft dependable technical information is not only essential for the engineer, designer 

and manufacturer, but it is just as essential for the man young or old who wishes to 

identify himself either directly or indirectly with the era of air transportation. 

Make your general interest in Aeronautics more specific. The facts which you absorb 
now will prove an investment and business guide of genuine value. 

For the facts read 

Aviation and Aeronautical Engineering 

Three Dollars Twenty-four 

* THE GARDNER, MOFFAT COMPANY, INC. 

22 East Seventeenth Street NEW YORK CITY 


CONSULTING 

AERONAUTICAL ENGINEERS 
AN INDEPENDENT ORGANIZATION OF 
SPECIALIZED AERONAUTICAL ENGINEERS 
ENGAGED IN THE 

SCIENTIFIC AND PRACTICAL DEVELOPMENT OF 
AERONAUTICS BY CONSULTATION, DESIGN 
EXPERIMENTAL RESEARCH AND TESTING 
ALEXANDER KLEMIN 
22 East 17th Street New York 


CLASSIFIED ADVERTISING 


FOR SALE — Double Acting Rudder, regulation for Aero- 
nautics, patent 999959 license for 10 cents per horsepower, 
one straight move with one lever from and into any position. 
Box No. 121. 


REQUIRED for position of responsibility and j 
energetic young man well acquainted in the airplane industry 
of good personality and business instincts. Box 122 
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JONES 


Airplane Tachometer 

“Best by Test ” 

was designed especially for the United 
States Navy Department for use in the war. 


We supplied the Navy Department with 
large quantities of these instruments and 
their splendid record of service under all 
conditions as demonstrated by the famous 
Trans- Atlantic flight of the N C 1 — N C 3 — 
N C 4 where the JONES AIRPLANE TACH- 
OMETERS were standard equipment, has 
been highly commended by the Navy De- 
partment officials. 


the dial is black 




s of the centrifugal type ; 
rith radium graduations 
is calibrated in various 
> 5000 R. P. M. 


JONES AIRPLANE TACHOMETER 

is the lightest instrument of any type yet 
produced, and is geared to lie driven at 
cam shaft or engine speed without extra 


JONES HAND TACHOMETER 



'end today /or a report of tret by the Untied States Bu 
/ Standards ana our new booklet on tachome 

JONES-MOTROLA, Inc. 

31 W. 35th Street New 1 


A. J. FISK, Special Repr 
965-7 Woodward Ave. 
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BRAND NEW 

OX-5 AERONAUTICAL ENGINES (Curtiss Type)! 


a nominal price will now buy a brand new 
OX-5 engine completely equipped and ready 
for immediate shipment from New York, 
hundreds of these brand new OX-5 en- 
gines now in the hands of airplane dealers 
and pilots throughout the entire United States 
were purchased from us. 
of our original allotment of approximately 
600 engines, only a few remain ; therefore, 
quick action is necessary. 

to airplane manufacturers, dealers and pilots, 
we will allow a further discount on more 
than one engine. 

further information on request. 


Continental Aircraft, Incorporated 

742 South Michigan Blvd., 

Chicago. 



N ECESSITY guided our war-time 
efforts in the production of 

UNITED STATES BALLOON 
F ABRICS. Since then, our policy of 
faith has been backed by a continued 
zeal iu application. As a result, to- 
day we have standardized UNITED 
STATES BALLOON FABRICS to 

that degree of genuine service which 
is reflected in all the products of the 
world's oldest and largest rubber 
manufacturer. 

Inquiries concerning UNITED 
STATES BALLOON FABRICS rind 
any rubber goods used in aeronautics 
should be directed to the Aircraft 
Department, 1790 Broadway, New 
York City. 


United States Rubber Company 





